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sectionsmeasuredparallelto theplaneof symmetry.An additional
unsweptwingwithNACA65Ao04airfoilsectionswastestedto provide
informationon.thiclmesseffects.

NormsJ.force,pitchingmoment,endwing-root‘bendingmomentofthe
wingsweremeasuredbymeansofa strain-gagebalance.Fromthesemeas-
urements,thelocationofthecenterofpressureonthewingwasccquted.-.

SYMBOLS

a distance fromleadingedge‘of’
chordto 0:25Chord ofk

exposed-wingmean
aerodynamicchord

aerodynamic

b/2 . SemiSpanofwing

(b/2)a semispsnofexposedwing,measuxedfromfuselagemmdmum

M

%

radius

%bending-momentcoefficientforwingpanel,—
Sb

‘F:

momentcoefficientfortotalwinginpresenceofpitcMng-
bcdy, MW/qSE

normal-forcecoefficientfor.total.winginpresenceof—
body, NW/qS

sectionchordofwing
ofmodel

meanaerodynamic

meanaerodynamic
#2

measuredparallelto planeof symnetry

-b/2
chord,2/s /’ C%y

free-streamMachnumber

chordfor

C%y

bendingmomentfora wingpanel

.

do

exposedwing,

aboutfuselagecenterMne
>’

&

5
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MW

NW

~

R

s

se

t

v

(x/c)E

(x/c)Ee

Yb/2

(Y/@),

a

At/4

pitchingmomentofwinginpresenceofbody,about0.25E

normalforceonwinginpresenceofbody

free-streamdynamicpre-ssure,pv72

Reynoldsnumber,pv7?/p

totalwingarea

aredofexposed

maximumsectionthiclaless

free-streamvelocity

longitudinal.locationofcenterof
meanaerodynamicchord,measured

pressweinterms
framleadingedge

meanaerodynamicchord, %0.25-—
f%w

longitudinallocationofcenterofpressureinterms
exposed-wingmeanaerodynamicchord,measuredfrom

edgeofexposed-wingmeanaerodynamicchord,~ -
Ge

laterallocationof centerofpressure,internsofwingn
semispan,measuredfrcmfuselagecenterline, —

;\f

laterallocationofcenterofpressure,intermsofexposed
wingsemispm,measuredfromfuselagemaximumradius,-

-br’)——-1+
be !NW

angleofattack
line,deg

sweepbackangle

1

of

of

modelmeasuredfromfuselagecenter

wingqparter-chordline,deg

..— —-. -.—. —.. —.. .— —- .-— —— ..—..——__
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coefficientofviscosityin

massdensityinfreestream

APPARATUSm

-I

freestream

......

MIHHODS

W testsectionoftheLangley8-foottransonicpressurestunnel
isrectmgularin crosssection.W upperandlowerwallsofthetest
sectionareslottedto allowcontinuousoperationthroughthetrsnsonic
speedrange.Somedetailsofthetestsectionareshowninfigure1.
me stingsupportsystemshowninfigurelwas designedtokeepthe
modelnearthecenterlineofthetunnelthroughouttheangle-of-attack
-e.

Duringthisinvestigateon,
i

thetunnelwasoperatedatapproxbately
atmosphericstagnationpresureandthestagnationtemperatunwasauto-
maticallycontrolledandheldconstantat120°F. _ tunnelairwas
driedsufficientlyto lowerthedew-pointtemperaturebelow0°F in
ordertopreventthefomationof condensationshocks.

,..

‘I!hetunnelwascalibratedbymeansofanaxial.surveytube,pro-
videdwithstatic-pressureorificesalongitslength,&ich extended
fromtheentranceconetothebeginningofthecliffuser. Somerepre-
sentativetial Machnumberdistributionsatthecenterofthetunnel
areshowninfigure2. me flowintheticinityofthewingwassatis-
factorilymiformat alltestMachnumbers.Localdeviationsfromthe
averagestreamMachnumberwereno Largerthan0.005at subsonicspeeds.
WithincreasesinMachnumberabove1.0,thesedeviationsincreasedbut.
didnotexceed0.010intheregionofthewingat
numberof1.20.

Theplan
infigure3.

Models

foresofthewingstestedandtheir
Thethreewingsofthesweepseries

the highesttestMach

dhllensionsareshown
w had~M 65Ao06

airfoil.sectionsparallelto theplaneof symmetry,anareaof1 square
foot,anaspectr&io of4,anda-taperratioof0;6. ~ sweepback
@es investigatedwere0°,35°,aud45°measumdfranthe25-percent
chordMe. A fourthwing,identicalto thewingwith0° sweepback
exceptthatithadMM 65Ao04airfoil.sections,wastestedtoprovide
informationonthicknesseffects.‘lhewingswereconstructedofaluminum
tioy exceptforthewingwitha sweepbackangleof45°whichwascon- .,
struttedof steel.

/

.

—— — —____ __
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ThefuseU3geframewasconstmctedof steelandcontaineda strain.
balancedesignedtomeasurewingloadsindependentlyofanybody

load.‘EJJ?‘balancemeasuredbendingmomentoneachwingsndnomnalforce
andpitchingmcnnentforbothwings.ThewingsweremountedinthebaJ_-
ance,as showninfigurek andthedetailoffigure3,andwereinde-
at ofthellodyframe.A photographofthecompletemodel,inthis
casewithanunsweptwing,is showninfigure5. Theordinatesofthe
bodyaregiveninTableI.

A gapofabout0.030inchwasleftbetweentheouter%odyshelland
thewingtopreventfouldngofthewingonthebody. Forthete&tsof
theunsweptwings,thisgapwasnotsesled.Forthesweptwings,however,
becauseofthepossibiMtythatleakagethroughthegapmightsffecttbe
spanwiseflowalongthewingandtheformationoftheleading-edgevortex,
thegapbetweentheouter-bodyshellandthewingwassealedwithsoft
rubbertubingas showninthedetailoffigure3. Forallteststhe
ldlow stingwaspluggedatthebaseofthemodeltopreventanyflow
throughthesting. Theadditionofthembler seslsdecreasedthestrain-
gagebsbnce sensitivityasmuchas 5 perceni.Forthisreason,the
balancewasrecalibratedbeforethetestofeachsealedconfiguration.

Theangleofattackwasmeasuredby a +rain-gegeattitudetrans-
mitter.‘lbeimtrmentwasmountedinthebodyframeaheadofthew3ng.

Tests

Thesingle-of-attackrangeextendedinmostcasesfrom0°to 20°
unlesBlimitedby themadmm allowableloadoneitherthewingorthe
strain-gagebalanceorby severebuffeting.IiLthecaseofthethinner
straigktw5ng,theangleofattackwaslimitedto 8°at sllMachnmibers
above0.60.TheMachnuiberramgeextendedfrom0.60to 1.20.Data
werenotrecordedh theMachnumberrangebetween1.03and1.12since
inthisrangethedatamayhave_beenaffectedby reflectionsoftbefuse-
lagebowwavefranthetunnelwalls.ThevariationofReynoldsnumber
(basedona meanaerodynamicchordof 6J25 in.)wtthMachnumberis
showninfigure6.
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Accuracy

Theaccuracyofthestrain-gagemeasumments
asfollows:

NACAm L54L31b

isestimatedtobe

Accuracyof-
M

%W %lW %
.

0.6 M3.009W .004M1.oo8

1.2 w .064 M.002 MI*OO4
*

TheaveragestreamMachnumberwasheldwithinW .003ofthenominal
valuegiyeninthefigures.‘l%emodelangleofattackisestimatedto
be correctwithinio.l”.

As previouslymentioned,thetwostraightwingsweretestedwithan
.

unsealedgapbetweenthewingandbodyshell.Theeffectof sucha gap
wasinvestigatedfortwowingswith45°sweepbackandis showninrefer-
ence1. Forthesewings,thedataobtahedwithandwithouttheseal
weregenerallyingoodagreementatanglesofattackbelowwherepitch-
up occurred.

Durtngthepresenttest,a cathetometer,sighted& thechordline
ofthe~ tip,wasusedtomeasurethetwistofthewingsunderload.
Themaximmwingtiptwistmeasuredonthefourwingswasasfollows:

Sweep,A,
deg Airfoilsection

o NACA65AO06

35 JWCA65AO06

45 NIL(X65Ao06

o NACA65Ao04

No correctionstothedataforaeroekstic

Max3mumtwist,
deg

0.7

-2.0

-1.0

1.3

effectshavebeenmade.

Thelongitudinalandlateralpositionofthecenterofpressureon
thewingswascomputedfrcmfairedcurvesof

%
.)

~a~t CNW d

w

-. — -.
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CB %&at $$ respective. At scmeMachnumbers,thesecurvesdid

notpassthroughtheorigin.Sincethemodelsweresymmetrical,the
curvesweresh51%edtopassthroughtheoriginwhencomputingthecenter.
of-pressurelocations.Thisprocedure@roved theaccuracyofthecom-
putedcenter-of-pressurelocationsatlowvaluesofwingnormal-force
coefficient.

RESULTSAND

BasicAerodynamic

DISCUSSION

Characteristics

Thevariationofangleofattack,pitching—mment coefficientand
bending-momentcoefficienttithwingnmmal-forcecoefficientforthe
6-percent-thickwingswithsweepbackanglesof0°,35°,45°,.andthe
k-percent-thickunsweptwingarepresentedinfigures7,8,9,andlO,
respectively.W forceandmanentcoefficientsshownweremeasuredon
thewingsinthepresenceofthebody. hfi~s 7(c),8(c)j9(c)>
and1O(C),bending-momentcoefficientsforbothleft-andrj@t-~
panelsareshown,flagsonthesydbolsservingtoidentify-theleft-wing
panelmoment.

hthe caseofthe6-percent-thickunsweptwing(fig.7(c)),stamu
apparentlyoccurredesrlierononewingpanelthanontheothefatMach
numbers0.60to 0.91. In suchcases,thecurveswerenotfairedpast
thepointwherestallfirstoccurred.

ThevsriationofpitcWng-momentcoefficientwithnomal-forcecoef-
ficientforthesweptbackwings(figs.8(b)and9(b))indicatesthat
pitch-upoccurredatmosttestMachnumbers.WithincreasingMachnun-
ber,pitch-upis,in general,d+yed to highernmmal-forcecoefficients.

BasicCenter-of-PressureCharacteristics

Thelongitudinalandlateral.variationofthecenterofpressure
withMachrnmiberandnormal-forcecoefficientispresentedinfiguresU
to 18forthefourtestconfigurations.@ dataoffiguresU, 13,15,
and17 indicatethat,withincreasingMachmmiler,a generallyresrward
andoutwardmovementofthecenterofpressureoccurs.Thisshiftin
centerofpressureisdueto thedevelopmentof supersmicflowonthe
UPPers~ace oftk ~ attransonicspeeds.~ lateralmUvementof
thecenterofpressurefortheunsweptwingsHfers frcmthatofthe
sweptwingsinthat,astheMachnunberapproaches1~0,thecenterof
pI’eSSUI’ereturnsinboardslightly.

. . ... . .. —.. -.— .. —-- —— - .-— — .—— — .— —z -..———
—-—.— .
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‘Iheeffectofnomal.-forcecoefficientonthecenterofpressureis .
showninfiguresU?,14,1.6,and18. Thesedataindicatethat,asthe
nonnsl-forcecoefficientincreasesata constantMachnwuber,thecenter-
of-pressuremovementisgenerallyrearward until.,inthecaseofthe
sweptbackwimgs,pitch-upoccursandthecenterofpressurethenmoves
forwardsl’ldid)oad.

EHect ofSweepbackonCenterofPressure

E?the longitudinallocationsofthecen*r ofpressure,interms
ofthemeanaerodynamicchordofthetotalwingarea,areccmpredfor .
thestraightandsi-eptwiqj.(figs.u toI_6),largeclifferencesmaybe
noted.However,thesedifferencesaremainlyduetothefactthata
considerableportionofthew@ areaisblanketedby thefuselageso
thata rearwarddisplacementofthecenterofpressureonthesweptwings
results. A morelogicalc-son oftheeffectsof sweepbackoncenter-
of-~ressureIocati&willresultif onlytheportionofthe* extending
beyondthefuselageisconsidered.Therefore,ti Comparisonsofthe
longitudinaland,tobe consistent,thelaterallocationofthecenter
ofpressurewillbemadewithrespecttothemeanaerodynamicchordof
theexposedwing.

.

At a co&tantnomnal-forcecoefficient,theeffectof sweepbackon
thevariationofthecenter-of-pressurelocationwithMachnuuiberis
showninfigme 19.UPtoa Machnmber of0.80,thecenter-of-pressure
locationsonthethreew5ngsarerelativelyconstant.As theMachnumber
increases,theoutwardandrearwardshiftofthecenterofpressureis
firstnotedforthestraightwing. 5is movementisdelmyedtohigher
Machnumbersasthesweepbackangleisincreased.Withfurtherincreases
inMachnmnber,thecenterofpressureofthestraightwingreversedits
outwardmovementbutthecenterofpressureofthesweptwingscontinued
tomoveotiboard,thelargestmovementoccurringonthewingwiththe
highestsweepangle.At swrsonic speeds,therewasUtile changelA-
erally,‘butlongihthallythecenter-of-pressurelocationcontinuedto
moverearwardata reducedrateup tothehighestMachtier tested.

At a constantMachnmiber,theeffectof sweepbackonthevariation
ofthecenter-of-pressurelocationwithnomal-forcecoefficientis show
h figure20. l?hecenterofpressureofthestraightwingmovedrearward
andslightlyoutboardasthenomal-forcecoefficientincreased.The
centerofpressureofthesweptwings,h general,showedonlya rearwsrd
movementprecedingtheforwardandinboardmovementthatoccurredat
pitch-up. ‘l!hedataoffigure20indicatethatpitch-upoccurredata
lowervalueofnomsl-forcecoefficientasthesweepbackangleincreased.
However,whenpitch-updidoccur,themovementofthecenter-of-pressure
wasmoreabruptforthe35°wingthanforthe45°sweptm.

..

—.—
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Effectof5ckness Ratioon CenterofPressure

.

.

●

Thevariationofthecenter-of-pressurelocationwithMachnuriber,
basedontheexposed-wingarea,ispresentedfifigure21.forthetwo
unsweptwingsof4-percentand6-percentmaxbnumthiclmessratio.
BecreasimgthewingthiclmessappearstomoderatetheeffectofMachnun-
beronthecenter-of-pressuremovement precedingM . 1.0. !l?herearward
andoutboardmovementofthecenterofpressureoccursata slightly
higherMachn@her andtheJateralmovementisreducedappreciablyfor
thethinnerwing.

An irregularityinthechordwisemovement ofthecente’rofpressure
maybe notedtifigwre21intheMachnunberrangefromO.91to0.97in
thecaseofthe6-Percent-thickwing. Thisreversalofthe’usualrear-
wardmovementhasbeennotedinreferences2 and3. Reference3 indi-
catesthattheirregub.rityisproducedby theformationofa shockwave
onthelowersurfacebehindtheshockontheuppersurfaceofthewing.
!!Jhisrelatiomhipoftheshockwavesproducesa regionofreducedloading
whichshiftsthecenterofpressureforward.Theabsenceof anysuch
irregularityinthecaseofthethihnerwing(fig.21)indicatesthat
thephenomenonisinfluencedby thiclmessratioandthisis confirmedby
thedataofreference4.

A comparisonofthecenter-of-pressurelocationsforthetwowings
is showntifigure22plottedagainstwinghbnnal-forcecoefficient.The
variationofthecenterofpressurewithnormal-forcecoefficientisvery
similarforthetwowings.However,thelocationofthecenterofpres-
sureforthethinnerwingisgqrally outboardandto therearofthat
forthethickerwing.

TheratherlargedifferenceinthelongituUnaLcenter-of-pressure
locationofthetwowingsatlowMachnuribersandluwnormal-forcecoef-
ficients(figs.21 and22)msypossiblybe dueto @ccuracy ofmeasure-
ment. Theforcesandmomentsmeasuredinthisregionaresmallandthe
factthatthepitching-momentcoefficients,showninfigures7(b)and
10(b),=e n+=r furtherincreasesthedMficultyofaccurately
determiningthecenter-of-pressurelocation.

ComparisonWithTheory

Thelaterallocationofthecenterofpressurehasbeencalculated
fromtheoreticalspsnwiseadditionalloadingsforthethreewingplan
formstested.Thetheoreticalpointsobtainedareshowninfigure23
alongwiththeexper@ntal.center-of-pressurelocations,basedonthe
exposedwing,forthethreewingsof 6-percentthicknessratio.No cor-
rectionsweremadetothetheoreticalloadingsforwingfle~bilityand
fuselageinterference,butonlythetheoretical.loadingoutboardofthe

c.. “-. =
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maximumfuselageradiuswasconsideredincalculatingthetheoretical.
centerofpressure.‘I’hetheoretical.spanwiseloadingsat subsonicspeeds
wereobtainedfrm thechartsofreference5,at supersonicspeedsfrom
theequationsofreference6 forthesweptwings,andreference7 forthe ‘
unsweptwing. Figure23hdicatesthatat subsonicspeedsthetheoret-
icalcenter-of-pressurepositionsarescmewhatoutboaniioftheexperi-
mentalpositions.Thisconditionmaybe dueinparttothefactthat
bodyinterferenceeffectswerenotconsideredinthetheoretical
calculations.

At supersonicspeeds,theagreementbetweenthetheoryandexperi-
mentisverygood. !Jhetheoreticalpointsshownwerecalculatedatthe
lowestMachnumbersatwhichthetheoryofreferences6 and7 couldbe
applied.

.
A similarcomparisonoftheoryandexperimentinreference1 for

thinwingsof45°sweepbackleadstotheconclusionthatthebteral
centerofpressureatlowsupersonicspeedsmaybe predicted(below
pitch-up)fromthetheoreticalvaluecalculatedfora higherlhchnumber.
- comparisonoftheoryandexperimentshowninfigure23inticatesthat -
thisconclusionofreference1 maybe extendedto thinwingswhichcover
a -e of sweepbacksinglesfromO0 to 450. Thisis justifiedby the
goodagreementofthetheoreticalvaluesof center-of-pressurepositian ,.
withtheexpenlmentalvaluesat supersonicspeedsandby thefactthat
littlechangeoccurredintheexperimentalcenter-of-pressureposition
atthepointstestedbetweena Machnumberof1.0and1.2.

CONCLUSIONS

An investigationoftheeffectof sweepbackandthicknessratioon
thewingloadsofa winginthepresenceofa b@y, madeinthe8-foot
transonicpressuretunnel,leadsto thefOllowingconclusions:

1.At a constantwingnomal-forcecoefficient:hcreashg the
sweepbackdelayedtherearwardandotiboardshiftofthecenterofpres-
suretohigherMachnumbers.Increasingthesweepbackincreasedthemag-
nitudeoftheoutboardmovementofthecenterofpressure.Approaching
a Machnumberof1.0,thecenterofpressureofthestraightwings
returnedinboardwhilethatofthesweptwingscontinuedtomoveoutboard.
Abovea Machnmber of1.0,therewas~ttle changeinthecenterofpres-
surewithincreasingMachnumber.Decreasingthethicknessratioofthe
straightwingreducedthecenterofpressuremovementinthespanwise
direction.

2. At a constantMach
increased,themovementof

-——.——

nmber,asthenormal-forcecoefficient
thecenterofpressqrewasprimarilyresrward “

k.
$

.— ______
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until,onthesweptwings,pitch-upoccurredandthecenterofpressure
thenmovedforw=dandinboard.

3.‘l&hteralcenterofpressureat lowsupersonicspeedscanbe
esthatedforthinwingsofmoderateaspectratiofromthetheoretical
valuecalculatedfora higherMach”nmiber.

IamgleyAeronauticalLaboratory,
NationalAdvisoryComitteeforAeronautics,

LangleyField,Va.,Deceniber23,1954.

‘
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TAELEI.-BODYcooRDINNI!lls

13

Station, Radius, Station, Radius,
in.fromnose in. in.fromnose tn.

o 0 27.692 1.868
.225 .104 28.692 1.862
.5625 .193 29.692 1.849
1.125 .325 ~ .692 I.825
2.250 .542 31.692 1.789
3●375 .726 32.692 1.745
4.500 .887 33.692 1.694
6.750 1.167 34.692 1.638
9.000 1.390 35.692 1.570
U.250 1.559 ;;.6& 1.486
13.500 1.683 1.468
15.750 1.770 37:500 1.408
18.000 I.828 38.500 1.298
20.250 1.864 39●500 1.167
22.m I.875 40.500 1.OW
26.~o 1.875 41.250 .937

.—
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E@ze 2.- Typical Mach umber clie+mibutions in the test section of the
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)+xmal-krcemefficiea+~

(a)Variationof a with %W.

me 7=-Aerodynsmiccharacteristicsofthewingofa wing-bodycom-
bination.@ quez’ter-chordsweep;NACA65A006airfoilsection.

.

.,

.

.
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.

Normal-fcrce coefflcientj CNW

(b)Variationof ~ with ~W.

m 7.-Continued..
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m.gure16.- Variationofthelongitudinalandlaterallocationofthe
centerofpress= withwingnormal-forcecoefficient.450quarter-
chordsweep;NACA65AO06airfoilsection.
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